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Polarized Proton Beams 

Å 200 MeV Polarimeter:          - monitors source polarization (well calibrated) 
Å AGS pCarbon polarimeter  (96 channels) 
  - is used for beam development at AGS 
     - monitors polarization delivered to RHIC 
Å RHIC pCarbon Polarimeters (two 72 channel polarimeters per each beam) 

  -  polarization profile 
  -  polarization vs time in a fill 
  - bunch by buch polarization 
  - fill-by ςfill polarizations 

Å H-Jet polarimeter:  (96 channels) 
  - measure average (absolute) polarization 
 



Average Beam Polarization (measured by polarimeter): 
 

Polarization in Collision Experiments 
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Intensity and Polarizations profiles, I(x,y) and P(x,y), 
are needed for the analysis 

Gaussian Approximation: 
 
 
                                               (similar for y coordinate).    

Å  In the pCarbon polarimeters, x- and y- 
profiles may be mesured using moving target 
(vertical and horizontal, respectively).  In a 
fixed target run, the Pmax is measured. 
Å  In the H-Jet polarimeter, average beam 
polarization is measured. 

Average Polarization in experiment: 
 
                                                                                        (single spin) 
 

A model dependence between <P> and R: 
(W. Fischer and A. Bazilevsky, Phys.Rev.ST Accel.Beams 15 (2012) 041001) 

If the development of polarization profiles it the primary reason for 
the reduction of the average polarization : 
 
 

 
P0 = Psource  ƛǎ άȊŜǊƻ-emittance ǇƻƭŀǊƛȊŀǘƛƻƴέΦ 
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Source Polarization 

New Polarized Source in Run 13 
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Polarization Measurements in pCarbon and H-Jet 

R L 
+ 

- 

H-Jet 

Event selection: 
 
A, t are mesured signal amplitude and time 
t0, h  , and xDL are calibration parameters. 

Energy range   1.0 ς 5.0 MeV (Hjet) 

        0.4 ς 0.9 MeV (pCarbon)  

Å  Nonrelativistic  recoiled proton (carbon for the pCarbon) is 
ŘŜǘŜŎǘŜŘ ŀǘ флɕ ƛƴ {ƛƭƛŎƻƴ ŘŜǘŜŎǘƻǊǎΦ 
Å  Detection asymmetry depends on the beam polarization  

                                                               (left-right asymmetry) 

       (up-down asymmetry) 

Å  Systematic errors dLR and d+- may be eliminating in the 
combined method: 
 
 
 
Å In pCarbon we use predefine analyzing power AN(E). 
Å In H-Jet, AN may be internally measured  
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AGS p-Carbon: Polarization at Injection (2.4 GeV) 

In AGS, polarization profile at injection was 
measured for the first time: 
Å No polarization profile was observed at low 
intensity. 
Å wҒ лΦлн at higher intensity 
Å Analyzing power was not calibrated for the 
injection energy ( 24 GeV AN was used 
instead) 

Psource = 75.9% 

Psource = 82.4% 

Psource = 77.8% 

Arbitrary units for Polarization ! 
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AGS pCarbon: Polarization at Flattop (24 GeV) 

Å 3800 Polarization measurements at 
flattop in Run 2013 
Å   200 Measurements for RHIC Fill 
monitoring 
 

Polarization results are consistent with Run 
12 with a possible few percent 
improvement. 

Run12 RHIC ref measurements Run13 RHIC ref measurements 
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AGS p-Carbon Detectors: 90 degree vs. 45 Degree 

1,8  -  Hamamatsu, slow preamplifiers,  L = 51 cm 

2,7  -  BNL  2mm,    slow preamplifiers,   L = 30 cm 

4,5  -  Hamamatsu, slow preamplifiers,   L = 51 cm 

3 different detector types: 

3,6  -  BNL  1 mm,   slow preamplifiers,   L = 30 cm 

AGS pCarbon Polarimeter: 
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AGS p-Carbon Detectors: Rate Corrections 

Run 58731 
Å  In a single Si strip, rate per bunch is Ǌ Ғ лΦлр-0.10  
   (depends on intensity, emittanceΣ ǘŀǊƎŜǘΣ Χύ 
Å  The Data Acquisition may take only one events per bunch. 
Å  No good event may be detected even if both coincide 
signals are good. 
Å The measured Polarization  is underestimated: 
 

     
Å The parameter k may be evaluated using experimental data 
(separately for each detector) with accuracy about 20%: 
Å  ONLINE  the value of  k=1 is used (consistent with previous 
runs) 

In Run13, the average rate correction is 6% (for RHIC ref. runs). 
Uncertainty in the parameter k propagates to a ~ 1% uncertainty in the measured polarization. 

No Rate Corr. (k=0) 

RHIC Ref. Runs: 

Rate Corr. k = 1. 
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AGS p-Carbon:  Polarization Profiles  

Target Late CBM Pmax R P0 Psource 

V3 2.06 70.9 ± 0.5 0.098 ± 0.010 81.2 ± 1.1 81.2 ± 0.1 

V3 1.51 74.2 ± 0.5 0.113 ± 0.010 85.5 ± 1.3 82.0 ± 0.1 

V3 1.05 74.7 ± 0.8 0.049 ± 0.015 80.1 ± 1.6 81.6 ± 0.1 

H3 2.09 67.2 ± 0.6 0.103 ± 0.014 77.5 ± 1.0 81.0 ± 0.1 

H3 1.50 72.3 ± 0.8 0.093 ± 0.017 84.1 ± 1.3 82.2 ± 0.1 

H3 1.08 73.2 ± 0.9 0.047 ± 0.016 78.6 ± 1.6 81.7 ± 0.1 

V3 1.91 69.0 ± 0.2 Fixed target 79.7 ± 1.0 81.1 ± 0.1 

ÅThe calculated value of P0 is consistent with 
source polarization Psource  within a few percent 
accuracy. 
 
Å  For RHIC Fills: 

 <tҔ  Ғ  сс҈  
 Rx Ғ wy Ғ лΦмл ± 0.01 
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 RHIC p-Carbon Polarimeters 
pCarbon measurement Database is available on WEB (Maintained by D. Smirnov) 
http://www.phy.bnl.gov/cnipol/rundb/ 
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 RHIC p-Carbon:  Measurements at Injection 

Expectations:    PB    = 0.96 PAGS 

            PY    = 0.99 PAGS 

            RB,Y = RAGS 

B1U 

Y2D 

Unscaled polarization 

Polarimeter <P> Rx Ry 

B1U 54.4 ± 0.2 0.081 ± 0.007 0.048 ± 0.014 

B2D 55.0 ± 0.2 0.059 ± 0.009 0.066 ± 0.010 

Y1D 53.9 ± 0.2 0.088 ± 0.009 0.044 ± 0.015 

Y2U 54.7 ± 0.2 0.082 ± 0.014 0.066 ± 0.014 

Results are consistent between RHIC 
polariimeters but inconsistent with AGS 
 

pCarbon polarimeter is used for relative measurements only,  
however a better understanding of discrepancy between AGS and RHIC data is needed. 


